Abstract. The nutrient digestibility and protein utilization of distillery feeds derived from dehulled barley, rye and wheat were studied with growing pigs receiving one of eleven diets in which the protein sources were BDDGS, RDDGS, WDDGS, BDDG, BDS or SBM. In a second trial BDDGS and BDDG were compared with the same feeds treated prior to cooking with cellulase enzyme. The diets, consisting of barley and distillers feed, were fortified with L-lysine and DL-methionine to achieve levels of 13.0 % DCP, 0.80 % lysine and 0.56 % S amino acids. The distillery by-products contained crude protein 24.8-41.5 %, crude fat 6.3-9.5 %, crude fibre 7.1 10.3 %, ADF 18.2-22.9 %, NDF 33.3-43.7 % and ADL 8.7-11.3 % on a dry basis. Their lysine content was 0.43-1.36 % of DM and their S amino acid content 0.58-1.36 %. The digestibilities of organic matter and crude protein were 56-83 and 56 -79 %. DDGS from rye had low digestibilities and barley distillers solubles high. The cellulase treatment decreased the OM and CP digestibilities by 6.4-10.4 and 15.3-15.4 % units, respectively. FU/kg DM varied from 0.63 to 0.84 and DCP from 177 to 405 g/FU. The N retention of the BDDGS, RDDGS, WDDGS, BDDG, BDS and SBM diets was, respectively, 21.7, 21.1, 24.2, 23.0, 17.7 and 24.6 g/d (P < 0.01) and the biological values were 55, 60, 59, 56, 55 and 66. The daily gains varied from 700 to 762 g. The data indicated that distilleryby-products could replace soybean meal quite satisfactorily as a protein source in amino acid-fortified diets.
Introduction
The desire to increase the domestic protein supply for animal feeding in Finland has prompted a search for alternatives to imported protein. The distillery by-products left after the alcohol process are rich in protein. When used for pigs, however, distillery feeds from the traditional ethanol process have been found to have a relatively low nutritive value (Alaviuhkola 1978 , Salo 1978 , Näsi 1984 , due to their denatured protein and high fibre content.
A new ethanol plant due to start operating 255 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND soon will use barley as raw material and employ an integrated ethanol-starch process. In this process different grain fractions are obtained and they can be combined in different ways and subjected to different treatments (Lehmussaari 1984) . The increased supply of distillery feed fractions expected in the next few years suggested the present study to evaluate these products, especially those derived from barley, since little information is available regarding utilization of this protein source in pig diets.
Materials and methods
Dehulled barley derived distillers feedstuffs and corresponding material derived from rye and wheat were obtained from the Koskenkorva factory of ALKO Ltd. In the second trial barley distillers feed treated with cellulase prior to cooking was compared with untreated material. The ethanol process was traditional one, comprising cooking, saccharification, fermentation and distillation. The products used in the present trial were dehydrated in a drum dryer except the solubles which were in semisolid form. The experimental diets were formulated to contain 13 % DCP, 0.80 % lysine and 0.56 % sulphur amino acids from barley meal and respective distillery feed by fortifying the diets with Llysine HCI and DL-methionine. The control diets were barley soybean meal mixture and barley fortified with lysine and methionine. The protein digestibility coefficients used in formulating the diets were 0.78 for barley, 0.65 for the various distillery feeds and 0.90 for soybean meal.
The distillery feeds used in the present study were (abbreviations in parentheses):
Barley distillers dried grains with solubles (BDDGS) Rye distillers dried grains with solubles (RDDGS) Wheat distillers dried grains with solubles (WDDGS) Barley distillers dried grains (BDDG) Barley distillers solubles (BDS) BDDGS coming from the process using cellulase (BDDGSC) BDDG coming from the process using cellulase (BDDGC) The diets used in the digestibility trials were as follows (in Eleven digestibility and balance trials were conducted using 6-day adaptation periods and 6-day collection periods in a 6 x 6 Latin square design in trial 1 and 4 x 4 in trial 2.
The pigs were kept in metal metabolism units equipped with collection trays for separate total collection of faeces and urine. The details of the procedures and analyses are the same as described by Näsi (1984 a, c) .
Results and discussion
During the ethanol process, the starch is fermented and the other grain components concentrated. The dehydrated distillery products had a crude protein content of 33.6 to 41.5 %, the protein content of the condensed solubles being lower, 24.8 % of DM (Table  1 ). The distillers feed had a crude fat content of 6.3-9.5 % of DM. The fibre contents of the BDDGS and BDDG were only two-thirds of that of distillers products from whole barley (Näsi 1984 b) . Dehulling of the barley is desirable from the nutritional point of view, since the highly lignified fibre of the hulls (Salo and Kotilainen 1970) decreases the feed value of distillers feed, and the dehulled material is easier to process (Lehmussaari 1984) . The acid detergent lignin content was high in the present distillery feeds as well, 9-ll %, possibly being partly composed of products of the Maillard reaction. The lysine content (0.4 -1.3 %) of the products and its availability (0.33 -0.83) were higher than in previous experiments with distillers feeds from whole barley (Nasi 1983 c) or with those from wheat (Salo 1978) . With BDDG the values for lysine, S amino acids and threonine were 3.4, 3.4 and 3.9 g/16 g N, respectively, and the availability of lysine was 0.83, values only slightly lower than those for the raw material, barley. Wheat, corn and barley DDG have been found to have amino acid profiles fairly similar to those of the original grains (Satterlee et al. 1976, Newman and Gras 1983) , but in distillers feed from rye (RDDGS) the lysine content and availability were low. The protein quality and its deterioration are evidently closely connected with the drying method and conditions. The pepsin-HCI solubility of the protein varied from 65 to 84°7o in the samples, indicating no serious denaturation in drying (Table 1 ). The use of cellulase in the process decreased the availability of lysine (10 -27 %) and the protein solubility (9-12 % units).
The organic matter and NFE digestibilities of BDS exceeded those of the other products (P < 0.01), 83 vs. 63-65 % for OM and 93
vs. 54-66 for NFE, but RDDGS had lower digestibilities (P < 0.01). In BDS and RDDGS the crude protein was less digestible (P < 0.01) than in the other distillers byproducts (Table 3) . The crude protein digestibilities of BDDG and WDDGS (73 -76 %) are quite promising and close to the value of barley protein (78 %). Erixon and Pettersson (1982) coneluded from a digestibility trial with piglets that in wheat DDG organic matter was 10 % less digestible than in barley, but CP digestibility was of the same magnitude as in barley and removing the bran from DDGS increased the digestibility of both OM and CP.
The cellulase treatment in the ethanol process decreased organic matter digestibility by 6-lo % units and that of crude protein by 15 % units. This was evidently due to the cellulase increasing the content of reducing sugars, which reacted with amino acids and in the drying process formed Maillard reaction products, which are in largely unavailable.
The digestibilities and calculated feed values were considerably higher than those of whole barley distillers feeds (Näsi 1984 c) . The FU values of 0.75 -0.79 per kg DM (Table 3) are sufficiently high for inclusion in pig feed formulas at the level of 10-20 %. However, an evaluation should also be made with produc- 
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Means with different letters were significantly different: a-d (P<0.05), e-g (PcO.Ol).
tion trials. In growing pig diets, SBM was replaced by BDDG up to 10 % and by WDDGS up to 9 % without any effect on the daily gain (Erixon and Pettersson 1982, Newman and Gras 1983) . The feed values are in agreement with those presented by Salo (1978) and Salo et ai. (1982) , but Erixon and Pettersson (1982) found higher values for wheat DDGS.
The BDDG and WDDGS diets fortified with amino acids gave N retentions similar to that of the SBM diet (P > 0.05), but the BDDGS, RDDGS and BDS diets gave poorer results (P < 0.01). Although this was intended, the absorbed nitrogen intake was not exactly the same, because the pigs did not eat all the ration and the protein digestibility coefficient 0.65 was not valid in every case. The urea excretion on the RDDGS and BDS diets was low and at the same level as on the SBM diet, but the other diets had significantly higher values (P < 0.01). The biological values of the diets including distillery products were significantly lower than those of the SBM-barley diet (P < 0.01) ( Table 4) . The results of Newman and Gras (1983) indicated that apparent nitrogen retention was not affected when BDDG replaced SBM, composing up to 20 % of the diet. Thong et al. (1978) measured nitrogen retention in gilts and found no differences between diets in which DDGS and SBM were used as protein supplements. Näsi (1984 c) , however, found that nitrogen retention on a WDS diet was similar to that on the control diet, but was reduced on the diets with BDDGS or BDS, due to the lower amount of protein absorbed and especially the lower lysine intake. With WDDGS diets Salo (1978) recorded low nitrogen retention (10 -12 g/d), when DDGS was used as sole protein supplement. Here, the daily gains of 700 -742 g for the pigs on barley-distillery product diets were satisfactory compared with the value of 762 g/d for the pigs fed on SBM-barley, and higher than for the pigs on the barley amino acid supplemented diet, 542 g.
The present experiment performed to assess the nutritive value of barley distillers byproducts indicated that the products obtained from dehulled barley are similar in feed value to products derived from the wheat. According to the N-balance results, distillers byproducts fortified with lysine and sulphur amino acids could replace SBM quite satisfactorily, but further production experiments are needed. In a feeding trial with laying hens in which SBM was replaced with BDDGS and WDDGS at level of 10-20 % in diet fortified with lysine ans sulphur amino acids the performance of the birds on the test diets was similar to that of the controls (Näsi 1985) .
Although it has many technical advantages, the cellulase treatment in the ethanol process decreases the nutritive value of distillers feeds, at least in the process in which distillers solubles are dried with distillers grains. It would thus be desirable to investigate alternative processing methods. This study gives some data that deserve consideration in planning the integrated starch-ethanol process. The many feed fractions yielded by the process can be treated and combined in different ways to provide suitable feeds for domestic animals, including monogastrics.
